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PCT/IJS92>(08611 

HETEROCYCLIC 3-PHENYLPYRR0LIDIN-2-0NES, THEIR PREPARATION AND US£ FOR THP 
MANUFACTURE OF A MEDICAMENT FOR INHIBITING K 

; /. Field ofTnvf npnn .i f -,,. 

5 . : : : ^ present invention relates to novel heterocyclic pyrroHdmqnes ' 
, phanmccutical compositions containing these compounds.and their use in bating 
allergic and inflammatory diseases and for inhibiting, the production of Tumor 
Necrosis Factor (TNF). . " 

, . i . i ; , Backpmiinr l of the T ff vp n^"n ; ; ., 

Bronchial asthma is a complex, multifactorial disease cfaaracterked by 
reversible narrowing of the airway and hyperre^tiyity of Ae^spo^y tract to 
external stimuli. " 

. ■ If is now understood that the symptoms of chronic asthma are the - *' 
manifestations of three distinct processes:, 1) an early response to antigen, 2) » .. 
delayed or late response to antigen, and 3) chronic inflammation and airway 
hyperreactivity. Cockcroft, Ann..Allergy 55:857 : 862, 1985; Larsen,Hosp,Praaice 
22:ip-127, ; 1987, The agents anrendyav^ 

memyixanmines, disodium cromoglycatej aremadequate^conn-ol memsc^ none 
of them modify all^three phases of asthma and nearly aU are saddled with limiting 
, : ■ »P effect. . Most importandy, none of the agents, with the possible exception of . 
•> ? tcroids ? ^ *e course of progression of chronic asthma. ,■ Zhtpi^^- 
fe^,; n M^^ 011 °f n °Xel therapeudc agents f<y asthma the 
faamatmuh^leme^^areresponsibk it 

substantial efto on idl three consents of " 

. , "mediator approach" is to regulate the activity of the ceUs rcsppnsible.for me 

pathophysiology of the disease. * 7 

"« v ~' ■ :.v.--.-- •.•;,:;:»v|j. luism i, tfi'AT) Tatospi 

u:r^ Pne such way B by elevatinglevels of cAMP (adenosine cyclic 3' 5!- 

30 ™n°Ph°sphate). Cyclic AMP has been shown to be a second messenger'mediatingr 
. the biologic responses to a wide range of hormones, neurotransmitters anddrugs 
.^obisonaM.,CjjcJiLA^ 

17-29, 1973). When the appropriate agonist binds to specific.cell sulface.receptors 
15 adenylate cyclase is activated which converts Mg2+. A TP. t o. c AMP at an accelerated , 
rate. The actions of cAMP are terminated by cyclic nucleotide phosphodiesterases 
<?DEs), which hydrolyze the S'-phosphodiestcr bond to form 5 -AMP, an inactive 
metabolite. 
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- ^ v ; ; GycHcAMP. modulates the activity of most, if not all, ; of the fcell£ thfe^ 
contribute to the pathophysiology of extrinsic (allergic) asthma. As such, an 
elevation of cAMP would produce beneficial effects including: 1) airway sooth 
muscle relaxation, 2) inhibition of mast ceil mediator release, 3) suppression of 

5 neutrophil^ 5) inhibition 
1 of monocyte arid maciopha^ 

cyclase ot "inhibit PDE should be effective in suppressing the inappropriate 
activation of airway smooth muscle and a wide variety of nrflammatory cells J The 
principal cellular mechanism for the inactivation of cAMP is hydrolysis of the 3- 
10 phosphodiester bond by one or more of a family of isozymes referred to as cyclic 
nucleotide phosphodiesterases (PDEs). ; - " \ J - ^ ;: ^ k '" iU '' a 

It has now been shown that a distinct cyclic nucleotide phosphodiesterase 
(PDE) isozyme, PDE IV, is responsible for cyclic AMP breakdown in airway * 
smooth muscle and inflammatory cells. Tarphy, 'Thospho^esfe^e Iso^anes: 
15 Potential Targets for Novel Anti-asthmatic Agents" in New Drags ft^sthrnk' 7 
Barnes, ed. ffiG Technic imficites ±ai'in£ibition 

- of this enzyme hot only produces' airwiay srn 
^om suppresses ^ eg^i^^ori of mast cells, basophils arid he^utrophils along with 

06 ;inMbitog the a 

20 ££eiYecte6^ J " 
^activity of target celk is elevated by appropriate hormones or autocoids, as' would be 

the case in vivo . Thus PDE IV inhibitors would-be effective m 
a wherelevels^^ cyclase) 

25 pharmacotherapy of bronchial asthiria and ^sses^ s^ 

over agents currently bri the market ; : ^ 7: ' ;: ^"'"" H ' : '"" V;t ,d " ::A: ' ! '' :r ^ ;1 !,kv " jA ' : 

- The compounds of this invention' also inhibit j^oduction of Tumor Necrosis 
Factor (TOP), a serum glycoprotein. Excessive of urireguia;ted ^'IW p^uctibn is 
implicatedin mediating or exacerbating a number of diseases including Rheumatoid 

30 arthritis, rheumatoid spondylitis, osteoarthritis, gbuty arthritis and other arthritic ^ c 
conditions; sepsis, septic shock; endotoxic shock, gram negative' sepas, " toxic shock 
syndrome; adult respiratory distress syndrome, cerebral riialaria; chronic puimbnary 
inflammatory disease; sihcosis, pulmonary sacroidosis, tone r^ 
^rer^rfuaon^injury^graft vs. host reactiori, ^ogr^ fejecto and myalgias 

35 due to infection; such as influenza, cachexia secondary to infection of maii^^ 

cachexia secondary to acquired immune deficiency ^drbine (AffiS), r AEbS 7 ARC 
(AIDS related complex), keloid formation, scar tissue i' 'f^mtiori^^Ct^rm's disease; 
ulcerative colitis, orpyresis. ~ J " ly 
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nil i; TNF has be^n implicated in various roles with the human acquired immune 

deficiency syndrome (AIDS), AIDS results from the infec^ of T lymphocytes 
with Human Immunodeficiency Virus (HIV). It has now j^qi discoy^ Aat 
monokines, specifically TNF, are implicated in the infection of T lympho^tes with 
5 HIV by playing a role in maintaining T lymphocyte activation. Furthermore, once 
an activated T lymphocytes is infected with HTV, the T lyraphocyte must continue 
to be maintained in an activated state to permit HTV gene egression and/or HIV 
replication. It has also been discovered that monokines, specifically TNF, axe 
implicated in activated T cell-mediated HIV protein expression and/or virus 
10 replication by playing a role in maintaining T lymphocyte activation. Therefore, 
interference with monokine activity such as by ihibition of monokine production, 
notably TNF, in an HIV-infected individual aids in limiting the maintenance of T 
cell activation, thereby reducing the progression of HIV infectivity to previously 
uninfected cells which results in a slowing or elimination of the progression of 
15 immune dysfunction caused by HTV infection. Monocytes, macrophages, and m 
; , .-'related cells, such as kupffer and glial cells, have also been impUcated m 
r- mamtenance of the mv ; infection. These cells, like Ticells, are targets for viral 
v,; repHcati^ ^d the level of viral replication is dependent upon the activation [state of 
i the cells; [See Rosenberg et al.. The Immunopathogenesis of HIV Infection, ) . 
20 ^A^npg^ in Immunology, Vol 57, (1989)]. Mon^ u 
Y^hown to activate I^vre 

aL, Prop, N^tl, A^, ^,, 87:782-784 (1990)], therefore, inh^tioii^imi^e 

production or activity, aids in limiting HIV progression as stated above for T cells. 
It has now been discovered that monokines are implicated in certain disease- 
25 associated problems such as cachexia and muscle degeneration: , Therefore, 

interference with monokine activity, such as by inhibition of TNFproduction, in an 

HIV-infected individual aids in enhancing the quality of life of HIV-infected 
• : . patients by reducing the severity of monokine-mediated disease associated problems 

such as cachexia and muscle degeneration. ,..«••; 
30 : i x: ■ . TNF is also associated with yeast and fungal infections. .Specifically ^ 
^ Candida Albicans has been shown to induce TNF production in v\£q in human 

monocytes and natural killer cells, [See Riipi £L^, Infection and Immunity, Vol. 
1 v, c 58, No. 9, p. 2750-54 (1990); and Jafari et al. . Journal of Infectious Diseases, Vol. 

164, p. 389-95 (1991). See also Wasan £taL Antimicrobial Agents and , •.,<••*, 
35 Chemotherapy, Vol. 35, No. 10, p. 2046-48 (1991) and Luke £LaL Journal of , • 

Infectious Diseases, Vol. 162, p. 211-214 (1990)]. 
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The discovery of a class of compounds which inhibit the production of TNF 
f \*Mpk>videa& 
' v uidigiflsifid' , IMF prcxiuction is ii^iicsited? >^ - ; ; r J -' 1U ^ — ^ i^w 

" 5 - ^Surnmarv of the Invention * J: ~ '-^-^ *° v ' b 

The compounds of this invention are illustrated by the formula (T) '*" 




10 wherein: ' ' . > ' .' " * . • " ■ ^. ••• • - c, 

iRi -is/Cluiyallcyliuiisubsiimted or substimted by 1 or more halogens, C3.6 
^cycloalkyl tmsubstituted or substituted byll to 3 methyl ^ups or an ethyl group; 
C^g cycloalkenyl containing one or two unsaturated bonds; polycycloalkyl, 
-(CRi4Ri4) n G(0)0^ - 

15* ^ 0£ 

-(GR^R:] 4)^0;^ hMYLzza J& 

• ■ ■ "i Xj is O or S; < l '^r:=- , v'r j^r^.v^iviiCri to ^onwubuiq 

- • • X2 is 0^orNRx4; - . ;^ v* : ^.-.^n;., a^u won ft 

20 X3 is hydrogen or X; ■ ■ / /. • a:,^ c^sidcKq /;^^;>.:^:C ■ 

XisYRirha 

■ Yis0 6rS(0)m; ; ••• - - - XfX^nmi ^ :-Hv. Y1.K 

:v> R2 is -GH3 or -CH2CH3, each may be uhsubsdmted or substituted by 1- to 5 
fluorines; - - rj%\*L ^-^js to ixQrb&o &s <to> 

25 R3 is independently hydrogen, halogen, CN, Gj ^alkyt' halo-substituted C]_ :>: ' 

4alkyl, cyclopropyl unsubstituted or substituted by R9, OR5, -CH20R5J^NR5iR26> - 
CH2NR5R 16 ;-G(0)OR5, -C(0)NR 5 R 16 , -CH=<^9R9; -G^GR^ or -C(Z)H; " : 

R3' is hydrogen, halogen, C^alkyl; halo-substituted Cf^alkyl, cyclopropyl 
unsubstituted or substituted by R9, -CN, -CH2OR5, <H2^5^i^^O)OK^' 
30 -C(0)NR 5 R 1( 5 or -C(Z)H; ■ i - -: ^ =■ : ^ fX X;V y : ^:mXimn3tZj } iz 

A is (2-, 3-, or4-pyridyl), 4^moiphoM^ 
inridazoiyl), (2* or 3-thienyl), (2- or 5-pyrimidyl) or (4 or 5-thiazolyl) all of which 
may be unsubstituted or substituted by one or more: Br, F, Q, NR5R16, NRgR^, 
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N0 2 , -COR 7 , -S(0) m R 12 , CN, OR 5 , -OC(Q)NR 5 R 16t l,<R 5 )-2-imidazolyl), 
-C(NR 16 )NR 5 R 16 , -C(NR 5 )SR 12 , -OC(<^R 5 , -G^^ 

-NR26C(0)Ri5, oxazolyl, thiazolyl, pyrazolyl, triazolyl or tetrazolyl; or when R5 
and Ri6 arc as NR5R26 together with the nitrqgenionn a.5 to 7 

5 membered ring optionally containing at least one additional heteroatpm selected, 
from O, N or S; or A is SR12; . , , , _ , 

R5 is independently hydrogen or Ci ^alkyl, unsubstituted or substituted by 
one to three fluorines; ; , , ^ n , 

R6 is R 5 , -C(0)R5, .gO)C(p)R7, -C(0)r^5R 1 ^ 
10 -C(NCN)SR 12 ,-^ hC(NR 16 )SR 12 ; 
R 7 is OR 5 , -NR 5 R 16 or R 12 ; ^r^^rtri) ■ 

f . y R8 ^ hy^en,C(0)R ? ^ 

^^to^ (2-,4-^or 5-px^^ or 5» 

r _. r j^^9^«^3^) or (2:-, -4^ , r or ^-irmd^mlidin>rl), .wherein each ,of the iieterocy clic ring 
^ ^systems may r be optionally, substituted by one or mpre^Ri4 groups; , iK r < vi 
. R9 is ky^en^F^ ^ %c ^ 

"... , T . } , Rl0 i s , hydrogen, methyl, hy^xyl,. myl, halo, substituted aryl^, aryloxyCj . 

^r^3^k^ ipolycyclpaJkyl,), 
fuianyl, pyranyi tM^ny^ 

terrahydrafuranyl, 3-tetrahydrothienyl, (3- or 4-tetrahydropyranyl), C3.6 cycloalkyl 
or a C4_6cycloaJkyl containing one or two unsaturated bonds, wherein the cycloalkyl 
.. and heterocyclic moieties may be unsubstituted or substituted bvA to S-methvl 
25 groups or one ethyl group; , , . .. 

g£ 2-terr^ytotoenyl.uns to^.methylgroups.or one 

ethyl group; . . ; _ 

_ : R12 is ^^a^l msubstinj^d or substituted by one to three fluorines;,, 

% ^rv: ;Ri4ism<^ 

fluorine; ^ . _ ... ,. ,., , v . >; 77 _ T 

Rl5 is oxazolidinyl, oxazolyl, thiazolyl, pyrazolyl, triazolyl, tetrazplyl, 
irni da z olyl, imidazolidinyl, thiazolidinyl, isoxazolyl, oxadiazolyl, thiadiazolyl, 
, r ™°rpholinyl, piperidinyl, piperazinyl or pyrrolyl, and each of the heterocyclics may 
35 be unsubstituted or substituted by one or two Ci_ 2 alkyl groups; ^ . v 

Rjg is OR5 qr : R«>; . 
Z is O, NR 12 , NOR 5 , NCN, C(-CN) 2 > CRsNC^, CR 5 C(Q)OR 5 , 
CR 5 C(0)NR 5 R 5 , C(-CN)N0 2 , C(-CN)C(0)OR 12 or C(-CN)C(0)NR 5 R 5 ; 
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• ••' ' ?r: : mis an integer from 0 to 2; '-.^■•■-u^- -=v-^-' 

n is an integer from I to 4; ^ 

■■ -i r.r:.iiw - V^is^mtegerfromO'to^l;' ; ' " ~"~~ v """ 'C.^-^oi/" - 

r is an mteger from 1 to 2; • J - r '^ "' 

5'- ; ; - s is an integer from 2 to 4; ;,! ^ A " v ~ - < • - - 

. • * *s s> w> v a;' ^- "xo * 1 ,0 ill'-jftl 

x is an mterger from 2 to 6; 
: ' * ; r y is an integerfrom 1 to 6; :; v f ""' ' ,t,, "'"" i 

z is an integer from 0 to 6; „ 
or a phannaceutically acceptable salt thereof; : ' ■ 

10 provided that m is 2 when Rio is OH in -(CR]4Ri4)n-C(0)0- " 

(CRl4Rl4)mRlO, ^^^(C^NR^ " 
C(Ri4Ri4) s O(CRi4Ri4) m Rio, and further provided tiiat z is 2 to 6"when Rjq is 
OHin -((^i4Ri4) z Rio> and furtherpnwded ^ m 

In a second aspect, 1 this invention relates to a phai^c^utical composition 
15 - containing a compound of formula Ini'adini^^ 

This invention farther constimtes a method of inhibiting piio^hbdiesterase 
IV in an animal, ^ including tiiimaris/ which comprises adrninistering to ah animal in 
need thereof an effective amount of a compound t)fFormula (I). ' 
•• TKs invention further constimtes am of ^ 

20 . TNF in an a nimal , includmg humans, which comprises admMsteiihg ^ to an^nimal in 
need thereof, an elective amount of a coni^und of FoMuia (I):' A ^ '* v-^^ 1 

w ^ "Pho^hocUesteia^e W 

25 allergic and inflammat ory diseases including: asthma,' chronic branch atopic 
dermatitis, urticardia, allergic rhinitis, allergic cohjuhctivitisi,' vernal conjunctivitis, 
eosinophillic granuloma, psoriasis, rheumatoid artimtis, septic shoclc,"i^ 
colitis, Crohn's disease, reperfusion injury of the myocardium and bi^,"chronic 
glomerulonephritis, endotoxic shock arid adult re^iratory distress syndrome. In 

30 addition, PDE IV inhibitors are useffl in (Kidney 
Int 37:362, 1990; Kidney Int. 35:494, 1989) and central nervous s>^tem;iSirorders 
such as depression and multi-infarct dementia, ' ^.-..-j.}.. 

These compounds can also be used to treat a human afflicted with a human 
immunodeficiency virus (HIV), AIDS Related Complex (ARC) or any ddier disease 

35 state associated with an HTV infection, 'which comprises administering to "such a" 
human an effective TNF inhibiting amount of a compound of Formula 1 ©. 
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. The present invention also provides a method of preventing a TNF mediated 

disease state in an animal in need thereof, including humans, by prophylacticaUy 
administering an effective amount of a compound of Formula I 
r The compounds of the present invention are also useM in the treatment of 

?i ■ ^ TNF 
^ or will eUdt INF production in The viruses contemplated to herein 
are those which are sensitive, to inhibition, such as by decreased replication, directly 
or indirectly, by the TNF iiiWbitors of Formula (I). Such viruses mclude! trnt are not 
limited to; HTV-1, ^ Cytomegalovirus (CMV^ Muenza, , 

10 ? ; adenovirus and the Heipes group of viruses, such as, H^es ^ 
Simplex. _ _ [ ' 

The compounds of Fomula (I) are also useful in the treatment of yeast and 
. , • fungal infections, where such yeast and fungi are sensitive.to upregulation by TNF 
^ ^ ^^9 t ^NF T^uctioniTi^. A preferred disease state fortreatoient is 
15 £ fungal meningitis. Additionally, the comppunfo .of the .^(m^^vmy^, r , 
adrnimsteredmcoiyunction^ orin a 

fungal infections, include but are not limited to the class of compounds.called the 
such as $ptoj^^ 

C9m ^^^ Amphotericm B and liposomal 

Amphotericin B. . " ' " "' ^■■■ t ^--^- i 

qomppiuids of the ^m^i^^bo: co-admimstered in a simUar maimer with anti- 
viral or anti-bacterial agents. " ~ " ~' ' ~ n ~ ' 

- , compounds of the Formiila (I) may also be used fOT^itoting and/or 
reducing the toxicity of an anti-fungal, anti-bacterial or anti-viral agent by,, ,. 
administering an effective amount of a compound of the Formula ^ in 
need of such, treatment Preferably, a compound of the I^ula^D administered, 
for inhibiting or reducing the toxicity of the Amphotericin class ptcompounds, in 
particular Amphotericin B. 

Also included in this invention are pharmaceutically acceptable salt 
complexes of the compounds of this invention which can form salts. 
35 All defined alkyl groups can be straight or branched. 

The compounds of the present invention may contain one or more 
asymmetnc carbon atoms and may exist in racemic and optically active forms. All 
of these compounds are contemplated to be within the scope of the present 
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} is used to me^ chioro, fluoro, bromo or iodo. Alkyl 

gro^ substituted by one or more halogens up to being pe^^ 

By the term ^'cycioalkyl" as used herein is meant to ihclude^poups' of 3-6 
" carbon atoms^ such as cyclopropyl, cyclopropylmethyl,' cyclbpentyl or cyclohexyl. 
- ''5 / By<^ 

me^t ad aromatic ting or ring system of 6-10 carbon atoms, such a[s phenyl, benzyl, 
phenethyl or naphthyl. Preferably the aryl is monocyclic, Le., phenyt : 

bicyclori^^]octyl, bi^ 
10 • exkm^esbf ^cff arc 5 
November 1987 whose disclosure is incorporated herein by reference in its entirety. 
Examples of rings when R5 and Rig in the moiety -NR^Rig together with 
; thenitrogefftb whic^ 

- containing at least one additional heteroatom selected from O/N/ and S include, but 

15 are-'riot-KnitBd'to 7 2 * ' £ 

- ni 1 - ^tetrazoyl^ma^ l " 1 ^ : ^ 

Ulu the compounds of Formula 1 ' - lJ ^"-'- 1 """" ' w ----- 

> : n . - - ^ The invention provided ametnod of inhiMtog 
20 flHminiR tmn^ to a subject irt heed thereof. ; a compound of Formula (D " 
k ; sl : The invention further provides a method for the treatment of allergic and 

M a subject ; < in , ne^' ; &ereo^ an 

effective amount of a compound of Formula (I). [ 
7{ TTie invention ilso^Avid^ 
25 comprises administering to a subject in need thereof, an effective amount of a 

compound of Formula©. ' """^ 

: The compounds of Formula (I) are useful in treating/prophylactically or 

therapeutically^ disease states in humans which are exacerbated or caused by ; * 

excessive or unregulated TNF production. " f ' Jf " x ' ? 

30 rteref^ 

the productioil of tumor necrosis factor (TNF) in an animal in heed thereof; ' 

including humans, which comprises administering to the aiiimal in need of such 

treatment an effective amount of a compound of Formula L 
By the term "inHbiting 
35 a) a. decrease bf excessive in vivo TNF levels in a: human to normal levels or 

below normal levels by inhibition of the in vivo release of TW by all cells, 

including but not limited to monocytes or macrophages; 
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b) a down regulation, at the translational or transcription level, of excessive 
.. inyiys TNF levels in a human to normal levels or below normal levels; or 

c) a down regulation, by inhibition of the direct synthesis of TNF as a 
postransiational event 

.5 By the term- "TNF mediated disease states" is meant any and all disease states 

in which TNF plays a role, either by production of TNF itself, or by TNF causing 
another cytokine s be released, such as but not limited to EL-1, or n^-(C A disease 
state in which IL-1, for instance is a major component, and whose production or 
action is exacerbated or which is secreted in response to TNF, would therefore be 
10 considered a disease state mediated by TNF. 

By the term "cytokine" as used herein is meant any secreted polypeptide that 
, . .affects the functions of other cells, and is a molecde which modulates interactions 
■^ 1 ^^ n ^^' in A? J 1 ™™^ ? r i^arrjmatory response. r A {^(^e^iKli^s, butis 
not limited to monokines and lymphokmes regardless of which cells moduct them 
15 For instance, a monokine is generally referred to as beine produced and secreted bv 

a mononuclear cell, such as a macrophage and/or monocyte but many other cells 
io ? TC ^ U ^ ! m^okines, such as najui^ 

endothelial cells, brain astrocytes, bone marrow stromal cells, epMern^ 
, ?> K.^^^ytes, ^d Wymphpcytes. Lymphokines are generally refemd to being 
20 produced by lymphocyte cells. Examples of cytokines for the 

include, but are not limit^ m terleukin-6 (IL^6) , Tumor 

Necrosis Facbr-dpha (TWa) and Turner N^ecrosis Factor beta (tWp). 

A preferred subgroup of Formula (I) is Formula'(Ia)T ^ '^"'^ J " } " J ~ 



25 




(CH 2 )— -A 



wherein: 



R l is phenyl benzyl or Cj_2 alkyl unsubstituted or substituted by 1 or more 
v: CH2-cycippropyl, C 7 j V 

30 " polycycloalkyl, 3-tetrahydrofuranyl, cyclopentenyl, <CH 2 ) n C(6^^^ - 

. which may be substituted by 1 to 3 methyl groups or one ethyl group; " 
sis 2 to 4; ' ' 



misO to 2; 
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" nis 1 - 3; ' - _ ; _ ; . !: ...... 

forrnamide; ' . — , . F 

( YisOorS(0) m ; _ _ . ? ^ ^ " _J7- " 

• iri - 5 • ; R^is^C^br by 1 to 4 

fluorines; ? 
1 R 3 is independently^ CT^OH^ 

:: " C ^ CR ? if ; 

qisO or 1; -"•■'-*-*■•-■ ^ _ ^ ^ : ^ ' . 

10 A is (2-, 3-, or 4-pyridyl), ^morpholinyl, 4-piperidinyl, (1 - or 2-imidazolyl), 

(2- or 3-thienyl) or (4- or 5-tmazolyl), aH of whicn may be unsubstituted or 
' substituted by one orm^ -NR5R6, ^5 R 16' ^ 

15 ' oxazolyl, thiazblyl, p%ax)lyl, tnazblyl or ten^lyl; or when R5 and Rig are as 
' ; optimally cx>nliining'atleait one aditioni beterbatom selectedfrbm 0, N or S; or 

a is a^ii ; ' ; ; ; [''"Z'S. ZZZ Z . V Z ,L , ^---^^ 

e ' R5 is independently hydibgen or Ci^altyl, unsubstituted or substin^ed by 
20 brie^ ~ ' _ J'.. ' ^" ... v . , <s 

-C(NC^S&i2^ T I f 

R7isOR5,1^5Ri6orRi2; 
R 8 is Hor -C(0)R7; r v 

25 R9isRs; 

R22 is Chalky! unsubstituted or substituted by one to three fluorines; 
R^5 is oxazolidinyl, oxazolyl, thiazolyl, pyrazolyl, triazolyl, tetrazolyl, 
imidazolyl, iroidazolidinyl, thiazolidinyl, isoxazoIyL, oxadiazolyl, thiadiazolyl, 
morpholinyl, piperidinyl, piperazinyl or pyrrolyl, and each of the heterocyclics may 
30 beunsubstitatedOTSubstim 

Rxgis OR5orR5; or a pharmaceutically acceptable salt thereof; 
Preferred compounds are those in which Xi and X2 are oxygen, A is an 
optionally substituted (2-, 3 : or 4-pyrid^ or 
4-thiazolyl; ki is GEi£^ cycloalkyl, C^g cycloaUcyt phenyl, 

35 totrahydrbiEbm 

more fluormesZ-CC^ ^Bfcfe- 
4OH; X is YR2, Y is O; R2 is a C^alkyl optionally substituted by one or more 
fluorines; one R3 is hydrogen and the other R3 is hydrogen, C^iCRg, CN, C(Z)H, 

10 
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CH 2 OH, CH 2 F, CF 2 H, orCF 3 ;Zis O or NOR 5 ; R3' is hydrogen; X 3 is hydrogen; 
and A is an optionally substituted (2-, 3- or 4-pyridyl), .^mprpholinyl, 2-thienyl, 2- 
imidazpJyl or 4-thiazolyl. , . ^ * .. ". 

More preferred are compounds in which Rj is C]^ alkyl substituted by 1 or 
5 more fluorines, CH2-cyclopropyl, C^rcyclopentyl, cyclopentyi or cyclopentenyl; 
R 2 is methyl or fluoro substituted Ci_2 alkyl; R3 is hydrogen, C=CH or CN; and A 
is 2-, 3- or 4-pyridyl, 4-morpholinyl, 2-thienyl, 2-imidazole or 4-thiazolyl, each of 
which may be substituted or unsubstituted by NR 5 Ri 6 or NR5C(0)R5. 

Most preferred are compounds wherein Rf is cyclopentyi, CF3, CH2F, 
10 CHF 2 > CF 2 GHF 2 , CH2CF3, CH 2 CHF 2 , CH 3 , CH 2 -cyclopentyl, CH 2 -cyclopropyl 
or cyclopentenyl; R 2 is CH 3 , CF3, CHF 2 > or CH 2 CHF 2 ; one R 3 is hydrogen and the 
other R3 is hydrogen, OCH or CN and is in the 4-position. 
Especially preferred are the following compounds: 

l-(2-pyridylmethyi>4-(3-cyclopentyloxy-4-methoxyphenyl)-2- 
15 pyrrolidinone, -.-ru^ . . , - . ... •.. oi 

,j pyriolidinone, • " • '^^^ 0i/-^ ^innmup 

pyrrolidinone, 
20 H2-(4-moipholmyl)ethyl]^ 

pyrrolidinone, >^ '• : 

H2-imidazolyme%lH-(3-^ 
pyrrolidinone, 

(S)-(-)- 1 -(3-acetaimdo^pyridylme 
25 methox>^henyl)-2-pyrrolidinone, 
(SH-)-l-(^acetaim^ 
^metooxyphen^ 

, r...... (RM+)-l-(3-aceta^ : 

methoxyphenyl)^^ 

methoxyphenyl)"2-pyrrolidinone, r ^ 

(S)-(-)-l -(2-acetamido^thiazolylmethyl)i 
methoxyphenyl)-2-pyrrolidinone, 

(R)-(+>H2-acetainido^tMazol^ 
35 methoxyphenyl)-2-pyrrolidinone, 

S-(-)-l-(2-acetamido-5-tMenylmethyl)-4-(3-cyclopentyloxy-4- 
methoxyphenyl)-2-pyrrolidinone ? 
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4<3-cyclopentyloxy^methoxypheny0^^ 
- ■ ■ ■ - Compounds of the Formula (la) I • *' } <^™- oru^i iv^m ?: c.S . 





10 can be prepared by a process which comprises: K>n i •> j 

a), for compounds wherein R3 is H, Rl2 or cyclopropyl unsubstituted or 
substituted by R9 and X and X3 are other than S(0)mR2 (wherein m =;Lpr r 2), Br, I, 
NQ2 orforxn£uiiide; reac^ 



15 ^ (2) 

wherein X2R1, X and X3 respectively represrat X^Ri^ XanS X^'lefiS^m a 
relation to Formula (I) or groups rohveri^^ 
appropriate malonic acid ester derivative, such'as d^ 
20 solvent, such as benzene or toluene^ at re&^ catalyst 
(e.g., titanium tetrachloride or a tertiary amine tise with of without added acid) 
and/or with azeotropic removal of water under ah in^affidspheare, ^l^provide a u ' 
compound of Formula (3) wherein R17 is an altyl or aryl ^group and k|8 is " ' 
COOR17; ; -'■ " ' ' J/i " '-^^ 




(3) 
12 
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Reaction of such a compound of Formula (3) in a suitable solvent, such 
aqueous alcohol, at 25-90°Cwith asouree of cyanide, such as sodium, potassium 
tetra-alkylammomum cyanide, provides compounds of the Formula (4) 



as an 

or 




w ^.^ R ?^, H w COOR17, typically as a mixture; - - • ; A 

W ; c arboall^orcar^ a 

wherein R !8 is H/ Reacuonof such acompoi^^ of 
Formula (3) in a suable solvent, such as an aqueous alcohol, at'25-90^ with a 

, . ^ ^ 
provides compounds of the Formula (4) wherein R3 is H. J " U ' ? SuBrao1 

15 Alternatively, reaction of a compdund of me ^Fr^aBFlhlreiriR^ is H 

with the anion of mtromethanp generated from an appropriate base or in me police 
of an appropriate catalyst, such as altoxide, ,a tetraalkylguaiutune or a quaternary 
ammonium halide, in an appropriate ^veht, suc^as an alrohol or nitromet^ 
provides an ester compound of .th e Formula (5) . 



20 




wh&ejn mXmm;^mw k h^^axti decarboxylated t6provide ; 
25 Fonn " la < 5 > wherein R3' is H, may be derived from first,'' - '"-''' - ' 



1) reacnon of a compound of the Formula (2) with nitrometr^eai described 
above to prov^ ^iv^v;. ^-rmst 
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(6) 

followed by 2) further reaction of a such a compound of the Formula (6) with an 
alkyl or aryl acetate anion, generated at an appropriate temperature (e.g., -78 Q in 
5 an appropriate solvent (e.g., tetrahydrofuran) using an appropriate base (e.g., lithium 
diisopropylamide or lithium hexamethyldisilazide). 

Alternatively, reaction of a compound of the Formula, (9) (as described 
below) wherein R20 is H and 1^3 is it Rl2 or cycIojMropyl unsubstituted or 
substituted by R9 with a strong base, followed by reac tion with an appropriate alkyl 
10 or aryl a-halo carboxylate, such as methyl a-brpmoacetate, will, also ^ provide a 

compound of the Formula (4) wherein R3 is H, R12 or cyclopropyl unsubstituted or 
substituted by R9^ Reduction of the nitrile group of such compounds of toe above 
Fcm group of the above similar..compoun^ of the Formula (5) 

provides compounds of Formula (7) T i r f1 - , i( 



15 



(7) 



wherein R19 is IL Reaction of amines of the Formula (7) wherein R19 is H with an 
aldehyde in a suitable solvent, such as chloroform, at reflux temperature, followed by 

20 reduction of this imine product with, for example, sodium cyanoborohydride in the 
presence of an acid in methanol, provides compounds of the Formula (7) wherein 
Rl9 is CH2(CH2)inA; cyclization of such co^qunfoof the ^ then 
provides the corresponding compounds of Formula (la), ^ternatively, treatment of 
compounds of Formula (7) wherein R19 is H with or ; withoiit a catalyst in an - 

25 appropriate solvent with an appropriate activated alkylating agent, such as a halide, 
mesylate or tosylate, provides compounds of the Formula ^.,whe?^ 
CEIR8(0)q(CE[2)mA, which may be cyclized as above to the corresponding 
compounds of Formula (la). In addition, cyclization of above compounds of the 
Formula (7) wherein R19 is H provides compounds of the Formula (8) 

30 
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, whereio Rig is H; reaction of appropriate compounds of the Formula (8)^ 
Rl9 *&M with ..a ^fir^ Jt^e, such as sodium hydride, followed by reaction of the 
5 generated activated ablating agm^ s^k.as a 

halid^, mpyjate or tosylate, also provides the compounds of the Formula (la), 
nc- -;; ^ is CN arid Xand X3 are other than S(0)inR2 

n>: j^^^v^W;^ ^R r $y?£ ^ NO2 or formyl amine,a sequence teginningyrith 

:/s ^I^opri^q reductot, such as a sppxane, prqyidesro^ (9) 

, . J (9) ' ^ 

15^: whereiri^is^^ R20 ^HF^^kttv^^i^^ of a 

^ " cbmpounci of tSsl^im^ 

R 20 are H; wiiich ^ reacted witii; eig.V phospho^ richloride/to 
hr^o^Rs^dR^ 

compounds of the Formula (9) wherein X4 is CN and R3 and R20 aif ^wruch is 
^oW^tore^twirf 

under thehmay be aj treated J ^^ : &l^ : '^ydM^^ 0 

25 ^griesiiim brom^and then reacted wth/for Simple, Mme^ 

" CONHl/^ is H ahdi X4 is CN or b) reacted with, for example, an alkyf of iyl 
halofc^ 

(9) wherein R3 is COOR 1 7J £26 is H an<i X4 is CN; the COQR 17 g^'tfswh a 

. 15 
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compound may be transformed either at this or a later stage to a CONH2 group by 
any of the standard techniques known in the art, such as reaction with concentrated 
ammonium hydroxide. 

Alternatively, a compound of thePormuIa (9) wherein R3 is COOR17 320 * s 
5 H and X4 is CN may also be obtained by reaction of a compound of the Formula (9) 
wherein R3 and R20 are H and X4 is CN with a metal hydride, such as sodium 
hydride, in the presence of a dialkyl or diaryl carbonate, such as dimethyl carbonate. 
Also, such compounds may be obtained by homologation of a cdmpotin^d of the 
Formula (2) wherein R3 is H to a compound of the Formula (9) wherein R3 is 
10 COOR17 and X4 and R20 are H by any number of known proces^s, such as 
reaction with methyl methylsulfiriylmethyl sulfide and a base, e.g., sodium' : 
x ^ f V hydroxide, followed by treatment with, e.gi, alcohblic acid^ Generation of an anion 
of sucti compounds of the Foimula (9) with a suitableWe, followed by ruction 
' with^ of 
15 the Formula (9) wherein R3 is COOR17, R20 is H and X4 is & dentation of an 
anion from compounds of the Formula (9) wherein R20 is H, Xi is CN and R3 is 
CONH2 or COOR17 with the appropriate base in an appropriate solvent followed by 
reaction with an alkyl or aryra-halo carboxylate; provides a compound of Formula 
(4) wherein R3 is CONH2 of COOR17; reduction of the nitriie moiety of such 
20 compounds by, for example, hydrogeriation with a noble metal or Raney nickel 
catalyst, provides compounds of the Formula (7) wherein Rj.9 is H and R3 is 
CONH2 or COOR17, The amine moiety of compounds of the Formula C7) wherein 
: Rl9isHandR3isCQNH2is then protected to provide a compound of the Formula 
(7) wherein Rl9 is a protecting group, such as.a trbutyloxycarbonyl group, and R3 is 
25 . CONH2; amide dehydration with, for example, trifluoroacetic anhydride, followed 
Jby r^tecting group re^ 

Rl9 is H and R3 is CN, wMch may then transformed as deismbed a^ye.fpr. other 
compounds of the Formula (7) to the compounds of the Formula (la) wherein R3 is ^ 
GRandXandXjare 
30 foimamide. ",, , v . . 

c) compounds wherein R3 of Formula (T) is OR5 or F and X and X3 are 
other than S(0) m R2 (wherein m is 1 or 2), Br, I, NO2 or formamide are prepared 
employing a sequence beginning with a cyanohydrin with the hydroxyl suitably 
protected as a silyl ether, an acetal, or an ester such as a t-BOC. .Treatment of a 
35 compound of the Formula (2) wh^^ 

or substituted by R9 with, for example, a derivative of hydrocyanic acid provides the 
cyanohydrins of Formula (9) wherein RSis.H, R20 is OH .and X4,is Cgf w . 
Subsequent treatment of the Formula (9) compounds with a suitable protecting agent 

16 
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such as trimethylsilyl chloride, di-t-butyldicarbonate and a suitable base, or methyl 

vinyl ether or direct treatment of the Formula (2) compound with , • . . /v = 

trimethylsilylcyanide and a Lewis Acid provides the protected .cy^ohydrin pf 
; Formiila(9),inw^ The 

5 , protected cy^ohydrin is treated with a strong hindered base, such as U)A, at r< 
reduced teiryerature under an inert atmosphere followed by ruction with, e.g., a 

n , brompacetic acid ester and appropriate workup to.produce a compound of Formula 
(4) wherein R3 is the protected hydroxy L^d R 

moiety of such compounds by, for example, hydrogenation with Raney nickel 
10; . .catalyst, provider is Rand R3 is the, protected 

or unprotected hydroxyl These Formula (7) compounds may be a^lat^ on 

nitrogen and cyclized as described aboye,then tiered 

trifluoride to provide the Formula (fe) compounds wherein R3 ; is E^^ s:m:on | 
\ : d) •compounds of Formida:(Ia) 5 wherein:R3 represents , the rernmrung,R3 
15 ] groups of Formula (la) may compounds of the Formulas (8) on 

(la) wherein R3 is GN by protection of the amide and other sensitive functionality, 

and mampuktioriQ^ as, fqr.example, reduction ,of the^R3 CN 

moiety to CHO .arid function^ ; ^ 

standard conditions welLkxiowninAe art ^ v ^ M q „ ^ y ^ m ^,^ h^qt m t^ m 

20 ^ ^..^ 

A, X, Xi, X2R1. R3 or R3' moieties. . ,a ^ h^iocp&om. • 

. . Compounds of Fonnula (la) wherein R3 is €£3, C^2 orCH2F may be 
, . < f . prepar^ from the corresponding Formula (2) cpmpounds using Ae^mettodsv.,^ 
25, , ; : .described above. The formula (2)pompounds where R3 is the^ 
method of Shono et aL, J. Org. Chem., Vol 56, pages 204 (1991) el^trr^hemically 
from the Formula (2) compounds where R3 is H. /f , > 

r . Formula (2) compounds where R3 is ,CF3 or CF2H ^ obtained^ 
, of compounds of the Fonnula (10) , ^ - ^ v ^ viitv ^a^o 



30 




(10) 



with a metalling agent at -78°C followed by trifluoroacetic acid or difluoroacetic 
acid by the method of Nad et aL, Izyest, (1959) page 71; Chem. Abstr. ypl. 53, No. 
35 14977; and Vol 53, No. 17933 (1959).. , 0 , 
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Formula (2) compounds where : R3 is'CTftF afe obi^ed by tteatfnent of the 
Formula (2) founds whbre R3^ 

■• : Synmesis'^66^ 

- -For compounds wherein X is'S(0) m Rl2, and m is 1 or 2 the final-compound 
5 is made fromthe -SRl2 moiety by oxidizing me mtermediate-SRl2 prod^^ 
>- conditions well known to those skilled in the art, after the appropriate GONH 2 
'• • moiety in me synthericscxiuence is dehydrated to the cyano moiety: For compounds 
where X and/or X3 are Br, I, nitro, amine or formamide, synthesis of these' 
compounds is accomplished by any of the steps described above using a suitably 
10 protected amines X and/or X3; Such protectmg groups are Imown' to mose skmed 
in the art and are readily disclosed in Greene, T., Protective Groups in Organic 
Synthesis, Wiley Publishers, NY (1981), the contents of which are hereby ' » 
incorporated by reference. The deprotected amine is then appropriately acylated to 
the formyl amine moiety, oxidized to the N02 moietyi or diazotized and displaced 
bv methods well known to those skilled in the art'to produce thelesired Bforl 



moiety. 



. With appropriate manipuladon and protection of any chemical ' 
functionalities', synthesis of the renikming compounds of the Formula : (D is " 
accomplished by methods analogous td those above and to those ddenbed in the 
20 y Experimental section. Meffiods fwchiral synthesis of me apprd^ of 
Formula (D are found in copending appHcati6h «o '07/694,624^wmch : is- - ; - 

incorporated by reference herein. " , . , ,. , , 

morderto use a compound of me Formula© or aph 

acc^ble saltmereof for the treatment ^ 
25 formulated in accordance with standard pharinaceutical practice 

composition. \'~ - - • ' . - . .. ^ ,. ,.., ( ,. 

Compounds of Formula (1) and their phanriaceuticaliy acceptable salts may 
be administered m standard manner for the treatment of the indicated diseases, for 
example orally, parenterafly, sublmguauy, tran^^ or j: 

30 via buccal adnrinistratioii. , . 

Compounds of Formula 0) and theirphaimaceuticauy acceptable salts which 
are active when given orally can be formulated as syrups tablets, capsules and 
lozenges. A syrup formulation will generally consist of a suspension or solution of 
the compound or saltin aliquid carrier for example, ethanol, peanut oil, olive oil, 
35 glycerineorwaterwimaflavouringorcolouring agent Where the composition is in 
me form of a tablet, any pharmaceutical 

formulations may be used. Examples of such carriers include magnesium stearate, 
terra alba, talc, gelatin, agar, pectin, acacia, stearic acid, stareh. lactose and sucrose. 

18 
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Where the composition is in the farm of a capsule, any routine encapsulation is 
■01 s ^^ble, for example usmg me aforementioned carriers in a hard gelatin capsule 
shell. Where the composition is in th e fo^ capsule any 

,-, pharmaceutical carrier routinely used for preparing diversions or suspensions may 
5 ; considered, for example aqueous gums, celluloses, silicates or oils and Tare 
_ . incorporated in a soft gelatin capsule shell. ■ ^ , ^ r „ T1 , ; , 

■ ) no ,• Typical parenteral compositions consist of a solution or suspension of the 

compound or salt in a sterile aqueous or non-aqueous cam a 
; 'H;. ;• parenterally acceptable oil, for example polyethylene glycol, polyYinylpyrrolidone, 
10 lecithin, arachis oil, or sesame oil. 

Typical compositions for inhalation are in the form of a solution, suspension 
or emulsion that may be administered as a dry pqwder or in the form of an aerosol 
using a conventional propellant such as mchlorodmuoromemane or- T 
trichlorofluoiomethane. . . : . . ^ t . 

15 >> ■;.> a A t>^ical suppositoryiormulation comprises a cqmpotmd of Form (1) or a 
v rr v pharm^ i s active when ao^mrateredin this 

.•>; Hf wa y» W ^ a b^^g an^or^l^ 

.-, / f^tins, j:oco^^tto-or;Other low me^ orfats pr^^synthetic 

analogues. , . : ■,. , s ■■ t t „ 1' * 

••••• v- 1 ^^- v^e i .^.-r:,,q Vxizx^ In bm s.i r m 

?9 v 7 L ? / XyPi c ^I vG^n^eamal fprmulaUoiis compiise a conventional .aqueous or, noriH;- 
vn r ' c , aqueous vehicle, for example a cream, ointment, lotion or paste orsare in the form of 
: : a medicated plaster, patch or membrane. , , . .. *■ 

Preferably the composition is in unit dosage form, for example a tablet, 
capsule or metered aerosol dose, so that the patient may adirrimster to himself a 
25 single dose. 

Each dosage unit for oral adm^ suitably from 0.001 mg to 

100 mg/Kg, and preferably from .01 mg to 30 mg/Kg, and each dosage unit for 
parenteral administration contains suitably from 0.001 mg/Kg.to 40 mg/Kg, of a 
compound of Formula (I) or a pharmaceutically acceptable salt therof calculated as 

30 the free base. Each dosage unit for intranasal adrriimstration or oral inhalation 
contains suitably 1-400 mg and preferably 10 to 200 mg per/person. A topical 
formulation contains suitably 001 to 1.0% of a compound of Formula (I). Each 
dosage unit for rectal administration contains suitably O.Ol mg to 100 mg of a< 
compound of Formula (I). ; - 

35 The daily dosage regimen for oral adinimstetion is siiitably about 0.01 

mg/Kg to 40 mg/Kg, of a compound of Formula (I) or a pharmaceutically acceptable 
salt thereof calculated as the free base. The daily dosage regimen for parenteral 
administration is suitably abut 0.001 mg/Kg to 40 mg/fCg, for example abut 0.001 



19 



^93/07141 PCT/US92/08611 

Z} mg^Kg tb 40 mg/Kg, of a compound of the Farmula (I) or a phan^eutically 
^ acceptaWe ^t&er^c^cula^ for 
intranasal adininistration and oralinhalatibn is suitably about 10 to abouf 1200 
v-^- m^/i^on^ be admmistered rxom l"tb (5 times a'day, , 

5 sufficient:^ ^ 
active ingredient is administered in ah amount sufficient to inhibit TNF production 
: such that normal of Abnormal levels are achieved whichare sufficient to ameliorate 
- or prevent the disease state. " '" — '--v j .yj-- ^ — ....=■;. 

The biological activity of the compounds' of Formula I as PDE TV inhibitors 
10 are demonstrated by the following tests. /{ ' ' 1 - - 

* Inhibitory Effect of Compounds of Formula'! on PDE TV : ^ *° 
L Isolation of PDE Isozymes - f — ^n?::^^; 

Phosphodiesterase inhibitory activity and selectivity of compounds is 
15 ; deterrmndi u^^ 

f - i: ''- these PDEs appear in Table 1; Tli£ ; ussues'us^ 

are as foUbws: l) PDEIi canm Ic, 
- guinea-pig heart; 4) PDE HI, ^inea-pig heart, and 5) PDE IV/ human monocyte. 

PDEs la, lb, Ic and IE are partially purified using standard chromato^phic ^ 
20' techniques^ PDE IV is 

; - v - :r; - y - puiffied to kinetic homogeneity 5 by me sequential use of anion-excnange followed by 

heparin-Sepharose chromatography (Torphy^taL^ 

; a '992));^^ 
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TABLE 1 . Characteristics of PDE isozymes:^ 



Peak V'; • ; Isozyme - L * A - ' K ' " ; (mM) 

- \ • - •••• • ; - - • - cAMP ' vlv : cGMP 

la cGMP-specific " ' r ^135""^" 

lb ' Ca 2+ /calmodu^ - ; - 50 - \*'-- f --" ;;; -' ^5"^ : 

Ic Ca 2+ /calmbduiin-stimulated 5 n^^m* 

HI ' cGMP-inhibited : - " - - : ■ - ■ ;it: ; 0.4 - i0i W : 

IV Ro 20-1724-mhibited / 4 ;L '-^" : ' ^3& ::r 

a Data are from Torphy and Gesiinski, supra . * ^ - a 
b Nomenclature is from Beavo, Adv. Second Messenger ' 1 
Pho^hoprotein lies; 22: 1-38, 1988. : ■ u vr ; ' 
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r : : H. PDE Assay ' _ /. .r.^, 

Phosphodiesterase activity is assayed as desmbed in Torphy and Cieslinski, 
Mol. £hannacpL 2Z;20^-2l4, 1990. IC50S for compounds' of tins invention 
' :; 5 l " from 25 nM to 500 pM. ' ""' '" "' ? " ' " ' -~" : ' ; ' ~ M '' 3 ° ; ' : " T;y:u 
m. ■ cXMP Accumulation in Cells [ '^J^C'i 

The ability of selected PDE IV inhibitors to mcrease cAMP ^cumulation in 
intact tissues is assessed using U-937 cells, a human monocyte cell ime mat has been 
shown to contain a large amount of PDE IV. To assess me activity of PDE W 
10 mhibitipn in intact cells, nondifFeTehtiated U-937 cells ^ap^jomateiy 10 5 

ceUsyteaction tube) were ^ mcubated with vraous cbncen^^ of* 
PDE inhibitors for one minute and 1 fiM prostaglandin E2 for ^ addifibii^ four 
; minutes. Five minutes after initiating the reaction, ceils weifc lysed by Ae addition 
of IM potassium carbonate and c AMP content was assessed By RlX. A general 
15 protocol for this assay is desmbedin Brooker et al., Ramoimmun^say of ^ 
" AI^^I cyclic G U 
.expressedas bom aaE^^ of 
the maximum response to rolipram produced by l O mM of the test compounds. 
EC50S for compounds of this invention range from 0.3 uM to > 10 oM. " 
20 , r : Inhibitory Effect of Compounds of Formula CD on TNF Production , . - _ . s 

I. Inhibitory Effect of compounds of the Formula (I) on in vitro TNF 
production by Human Monocytes: . r 

The inhibitory effect of co^ of the Fonnula (I) on jxfriixo TNF 
production by Human Monocytes may be detern^ 
25 Badger et al., EPO published Application 0 41 1 754 A2, February 6, 1991, and in 
Hanna, WO 90/15534, December 27, 1990. 

II. In vivo actity " ' ""' r 

Two models of endotoxin shock have been utilized to determine in vivo TNF 
activity for the compounds of the Formula (I). The protocol used in these models is 
30 ^ described in Badger £L2L, EPO published Application 0 41 1 754 A2, February 6, 
" 1991,^dinl^^ _ ^ 

, No unacceptable toxicological effects are expected y/hen compounds of the 
invention are administered in accordance with the present inventibn. 

The following examples are given to illustrate the mvention. TTiey are not 
35 intended to limit the invention in any manner. Reference is made to Ae claims for 
what is reserved to the inventors hereunder. 
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2-Acetamidopvridine^ carhoxaldehvde 
la) 2-Acetaimdo-4-picoline To a solution of 2-ammo-4-pico]ine (4.33 g, 
" 40 ^ol) m ppidine (50 mL) at (PC under an argon amp^here was added 

' dropwise over 15 min, a solution of acetyl chloride (33 r^,A6 mmol) in methylene 
5 chloride (10 mL). After 0.5 h, the mixture was partitioned between water and 

methylene chloride, the organic extract was dried over potassium carbonate, filtered 
and evaporated. Purification by flash chromatography, eluted with 50% 
' w " ether/hexanes, provided a white solid : m.p. 99 - 101 C. 

" f " ' t hV v 2-Ace A solution of 2-acetamido-4- 

10 picoline (L5 g, 10 imnol) and 3^Woropp:tenzoic acid (80%, 2.4 g, 11 mmol) in 
methylene chloride (20 mL) was stirred at room temperature under an argon 
atmosphere for 18 h The mixture was treated with solid sodium bicarbonate, 
poured into water and extracted three times with methylene chloride. The P^ganic 
layer was dried over sodium sulfate, filtered and evap^ 
15 purified by^ flash chromat^ 5% methanol/methylene qhloride, to 

provide a white solid: m.p. 138 - 1'40°C. _ L _ , 

- j-Acet^ A solution of 2-ac^ 

picol^^ nmdl) J in^^^ was added dr^op^se 

over 0.5 h to irefluxing acetic hydride maintained under an argon atmosphere. 
20 After stirriiig^ref^ with 
wated heutrali2£d with sodium bicartx>nate and extracted five times with ethyl 
acetate. The organic extracts were dried over magnesium sulfate, filtered and 
evaporated. The residual oil was dissolved in methanol (10 mL), a solution of 
' " inir^th^nbl (iS&o, li w^auliled and '£i imxture was s 
25 at room temperature for 1 h. After addition of aqueous sodiim chlori& me mixture 
was extracted five times with ethyl acetate, the organic extract was dried over 
potassium carbonate and evaporated. The residue was purifieol by flashT 
clffon^ograp^ 

soM: m^.130- 132°C.| " ' ' '7"""? ' " V ^il/'ri'^ir ' ^ 

30 1 Id) 2-Acetamidopyridine^c^^ "A solution of 2-acetamido- 

4-bydroxymethyl-pyridine (645 mg, 3.88 mmol) in pyridine (15 mL) with 
manganese dioxide (2.36 g, 27.2 mmol) was heated at 105 - 110°C for 1.5 h, then 
cooled and filled with methylene chloride. The 

solvents were evaporated and .tie residue was purified by flash chromatography, 
35 eluting wtk50% ethylacetate/hexanes,topro 139 -140 C. 
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-Ob---, ■ - ;. v ^-^ : EXAMPLE 2 ^ . 

< r ; : ., :t : , £Ace^dc^ ^ - 

; ; ? a 2 - t Methyl 6-aminonicotina te A sol *i rion nf (3,31 

Da 1;::': g ' ^ HI1 

£ the romurewas : t 

basified with potasaum carbonate, filtered and evarx>rated. 1 The residue was 
partitioneci between 5^ aqueous s^um carbonate and methylene chloride 
containing 5% methanol, the organic extract was dried ovct potassium carbonate, 
filtered and evaporated to provide a white solid : m.p. 158 - 159°C 

10 2b) 2-Am^ Methyl 6-£pinomc»tinate (3.52 

g, 23. 1 mmol) was adcled in |wer^j^^ a suspension of 

a00mL)at 0°C 

.f^y 2 !^ iro^urx^ ^Jwas ^^slpwly. 

15 s/j^ ^6 h. The mixture^ t 

,mL)^ wereldded in 

chromatography, during with 73% methmo^ white 
solid :m.p t 117- 119°C ?$ 

2c ) 2-Acetamido-5-hvdrnyvmpt hvlPvridine To a snlntir^ of 9-^^^^ 
25 hydroxymethyl-pyridine (LOS ^g, 8,9 rrnro^ in pyridine (2.15 mL) and methylene ^ 

added.dropwise over 30 

min a soIuHot rjf a^ (10 

30 r= methMol&e%kne^ 

85 C. j Trds solid (L23g, 5.94 nmol), in rr^ti^pl 

solution of s^um methoxidein methanol (25%, 325 ^ at 
./ ; £>o m £ffi?rattire -SP. »gon atmqg)here t The resultant precipitote7was_, 
_ c ^^dbY fflt^m mdAe ffl evaporated. Tlie residue was paitioneil 

35 lrT between ; water and 5% m chlc^de, the org^c layCTwas dried 

over potassium carbonate, filtered and evaporated to a white sohd (1845 mg 86%V 

^m : p:l48-i5b 0 c , /; : r ] ^ :}K M "^ r ^ '^['^ ' 
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2d) 2-Acetamidopvridir^^ A snhirinn nf 

5-hydroxymethyl^^^ (10 mL) was added 

rapidly to ^ 7.34mrnol) in 

methylene chloride *(7 mL) 'at fl°C &^goir atmo^h^f 1 hither (50 

5 1 mL) was added,' the mixture was filtered through ceh^ 
The residue was purified By flash dtaxmia^ 

ace&ieMtxanes] to pn^de a white U9°C " "° b ^ rA ' : ^ 

" " V ^ ; ' " £V,i EXAMPLE S a ' ^'^-^ k; -- ■ 



methoxvphen vnbutvrate 

" To a^bluridn of 
pyrrbBdn^^ 

15 cl 
(242 mg, l.W inmbii^ Affef stirring fof v i:5 h^foefri^^ 
chromat^^ with 5% metfenb^er^ to pr^^awhite 

solid; rn^:87-89°C"71n 

an argon atmosphere was treated with 25% sodium methoxide^methaiibl (0.125 mL, 
20 0.6mrnoi) : ^ 

^idiumclh^ 
' ' " toedbv^ri^ 

75°Q [a]^ (LM, methanol) 3Su Til ,Q.m ; alios 

25 - — v-:- u.; gx^pte 1 - ^b^q^v/v^v^va ^ 

' 18 " Methyl mV^Pl^ 

pyrrolidhrone^ 

30 tenrperarnreimdrc ae 
mmolj;<|^^ andiii-ti^^plrrx^ 
^45 m^L&9 nimbi): ^ 
chran^^ 

solid rirup. 83-84 C This solid in dry meihaiibi (2 mLj^robm^ 
35 ah argon atmosphere was tr^^'with 25% so^ c ~ 
0.6 mmol). After stirring for 0.5 h," the mixture was ^uroi into sanm^^uecms 
sodium chloride, then extracted three rimes with methylene cMaricfe' lie extract 
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"L , v was over magnesium sulfate, filtered and evaporated to a white solid (215 mg, 
_ I 97%):m.p. 75-77°C [a]^(L07, methanol) = -0.65.7 . ' ^ 

: ,. . . ,_ L pvrrolidinone , t '...„./. t: , : , 

. . • A sp^tipn of mpthyl (R)^^ 

an argon atn^sphere was treated trifluoroacetic add (0.75 iri> ^d stirred at 
10 W^^ m l^^ 

bicarbonate and the mixture was extracted three times with chloroform ^ 

2-Acetamidc^ 0.60 mmol) was added and the 

- ^^ w^ dried oyer potassium carbonate; die mixttro v was filtered and evaporated 

to approximately 5 mL. This mixturewas refluxed for3.5h and then evaporated. 

methanol (1.0 mL). Sodium cympbl^ methanol 
(1.0 mL) was added followed by the dropwise addition of 0.5 mL of a solution of 
acetic acid (0.73 mL) in tctrahydrofuranX4.2 mL) . The mixture was stirred for one 

20 partitioned between water and methy^ The 
KV* f^?^ ? ^r&PYEF po^um^carbonate and the solvent removed in 

, ^mixture was stirred for 3 hours at 90°C cooled and was wcrra^ed^twice with ethvl 

methanol/methylene chloride, provided a yellow material: m.p. 71 l?5°C jAnalvsis 
6.62, N9il.7 ; ; " J "''"V~* f ' ,: ; ^"""" V ''"'" IJ ^* " V: -™ 

(SH-(2-Acetamid^ 

v v ••; , , .... PYTrQjidiqpne , .v^?:^,.,^ .. 

A solution of methyl (S)4-t-butyloxy cartenylamin 
methoxyphenyl)butyrate (249 mg, 0.61 mmol) in chloroform (2 .5 r^at 0^C under 
35 an argon atmosphere was treated with trifluoroacetic add (0.75 mL) and stirred 
room temperature for 3h. The mixture was neutralized with aqueous sodium 
bicarbonate and the mixture was extracted three times with chloroform. 2- 
Acetamido^thiazolecarboxaldehyde (104 mg, 0.61 mmol) was added and the 
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' :i; nriictuie was dried over potassium carbonate; the mixture was filtered and evaporated 
to approximately 5 mL.' This mixture was refluxed f or 4 h and then evaporated. The 
resulting pale yellow foam was dissolved in tetrahydrofuran (1.0 mL) and methanol 
(1.0 mL). Sodium c^anoborohy^de (l 14 mg, 1.8 mmoi) in methanol (1.0 mL) was 
; ^ addition of 05 mL' of a solution of acetic acid (0.73 

mL) in tetrahydrofuran (4.25 ni). The mixture was stirred for one hour under an 
' argon atmosphere, neutralized" with sodium bicarbonate and partitioned between 
water and methylene chloride containing 5% melhanoL The organic extract was 
v driedoverp^ol^sium carbonate and the solvent removed in vrti^/IXmethyl 
10 sulfoxide (3 mL ) arid a n^e of soium cyanide were added T^V mixture was v ; 
stirred for 2 hours at 90°C, cooled and was extracted twice with ethyl acetate. The 
organic extract was washed thra times with water and dried ovCT jbtassium '' 
5 carbonate/ PurificatkHa :: ^succesave : "flash chromatography/elutiiig^t with 2.5% 

methanol/meuiylene cUoride foUowed by 13% methanol/methylene cMo^^ 
15 provided a ^dkyy^wtoten 
" 6L26,H 6:36,^9.74;^ (.a^uluIo^^ 

1 -Q-F^dvJm 

20 ; ? J • ;?? "''*' ,> 11 d :y ' 1 ' " J - hydrochloride " l """^ " ^"771^? 

A solution of 4-(3-^ 

' mg,i fc 0 mmol) ni dry dimethylfom (5 mL) was treated with sodium hydride 
(35 mg, 1 17 mmoi of an 80% dispersion) and stirred under an argon atmosphere. 
After 15 rilinV 15 : crown-5 ether (200nu^T.^ and the reaction 

25 stmed at room tb^ an ^ditionM two hours. 2-Picolyl chloride (175 mg, 

1.37 mmol) was added. 1 After stirring at room tempering 

added to the reaction mixture and it was extracted with 9:1 ether/methylene chloride. 
The organic extract was dried (potassium carbonate) and concentrated m vacuo to 
yield a yellow oil, which was purified by flash chromatography, eluting with 95:5 
30 ether/methanoL The resulting oil was dissolved in 9:1 ether/methylene chloride and 
treated with 0.75 mL of L0 M hydrlx:hloric acid in ether to provide the solid 
hydrochloride salt, which was recrystallized from acetonitrile and ether: m.p. 132- 
133°C. AnMy^is Calc; for C22H26N263 HCI: C 65 j)8, H 6!75, Nf6 95; found : C 
- 65J3,H6l94,N7.0L ' : ■*<'■■:■ ^v-u^-^- .v,,^. 
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. hydrochloride 

5 ; L v (275 
,. , m & l.Q mmol) in 

(35 mg, 1.17 mmpl of an 80% (Aspersion) and stirred under an argon atmosphere. 
After 15 nun, 15-crp>vn-5 : ether (200 mL, 1,007 mmpl) was added and-the reaction 
: ^ ^ 2.5 hours. 3-Kcolyl chloride (175 mg, 

I" ? 7 mn1 ?^ w^^add^ . Aitor stirring at room temperature for 72 hours, .water was 
r ^ r add^ to the rc^ 

ziPr?: ^?^ c i^ KX ^ t f was ; drie^ f (pptas sium .carbonate) . and concentrated in vacuo to 
, ^ e ^ a y#PW oil, pur^^^by^h f yAlhM:6 

■ ? h?%5F/fflS%9Pfel^ lether/methylene cMoride and 

solid, 

: n h y<^W^ and ether)^ m.p. 160- 

o ^?°^7; AB2li^,Calc. fqrC2^ 

''C65.83^H6.88,N7J351^JI ^7717^7^7^7 'T* ^ 7 = 77"^ 

; r- - , H4-Pvridvlmethvn^ ^ 

A solution of 4-(3-cyclopentyloxy-4-me^ (275 
mg, L0 mmol) in dry dimethy ormamide (5 mL) was treated with sodium hydride 
- r /35 mg, 1,17 mmol of an ; 80% dispersion) and stirred ,under, an argon atmosphere. 
m&r 4$ ™?v i^-^rownrS ether, (200mL, , LOOT, mmol) was added and the reaction ... 
stirred at room ( tep>eraturc an additional t^o hour?. T ^ m g, 

: ^d^d to^ereacfo^ 

.yield a yellow oil, which was purified by flash chromatography, eluted with 94:6 \ ,- 
; ^e^gh^ oil was dissolved in 9:1 ,ether/meth^ 

treated with 0.85 mL of 1 .0 M hydrochlpric acid in ether to provide the sqlid . r 
hydrochloride ^t, wWch was recrystallized from acetonitrile and ether, m,p. 160- 
163°Q Anate Xalc. for C22H26N2O3.HCI: C 65.58, H 6.75, N 6.95; found : C 
65.72, H 6.73, N 7.04. , . . : ,.., u 
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: A (200 

5" 

(40 mg, 1.0 mmol of an 60% dispersion) and stirred under an argon atmosphere 

* overnight 15-crown-5 ettier (200 mLl, 0 9 mmol) was added to the flask: la a 

" sepai^ flast 2^hloroeAyto ing, 1 1.7 mmol) was 

dissolved in dim 

10 2.0 mmol of a 60% dispersion) to release the free base, lah<I s&rcd under ah argon 
anirasphercf^ 

anion and the reaction suilM ^ 
ahdit was esdtracted^ 
waterV The^OTj^^ 

15 y^^td^ Ui 
wift 85:15 metiianbb ;! fhereM% oil 

was dissolved in ether/methylene chloride and treated with 6.5 mL of W)M v / 
hydrochloric acid in ether to provide the solid hydrochloride salt, which was 
reciystallizedfrom ethyl acetate: irip^i^ Analysis Calc. for 

20 C&^^ H 
7.63, N 637, Q 8.10. mmm^mi 

25 n ^ 1 h 1-r2>ri-BCT^)imidkzolvrr^ ^ a 

• metho^h&nvl^2-p^^lidlno^e * A soluncfa of 4-fe^vclbpe^^ 

A ' me&oxyphen^ mgi i:09 nrmoi) indrydim^^ 

(35 mL) was lifted with sodium hydri dispersion) 
and 15-crown-5^^ 

30 for 5 hi A solution of ^ (289 mg, 1.19 mmol) """ 

in dimethylfbrfnam was added and stirred undCT an argon atindsphere for 

2h. Ice-water was ; Md^ to the reaction extracted wittf ethyl 

acetate and washed with water. ' The organic extract was dried (Trotassium carbbnate) 
and concentrated in vacuo to yield an on/ wMch was pu^ 

35 chromatography, elating with 3:1 ethyl acetate/petroleum ether and adding 4-6% 
isopropanol to provide an oil. 

lib) l-f2-Tmidazolvmethvl)^f3-c^^^ 
pyrrolidinone A solution of H2-(l-benzyl)iirridazoi^ 
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* ■ *' ■. "" -v. ^v:.;*» OW 

4-methoxyphenyi)-2-pyrrohdinone (225 mg, 0.5 mmol) and 70% perchloric acid (13 
drops) were added to a suspension of 10% palladium on carbon (125 mg) in 
, L t . , ethanol (50 mL). The rruxture was hychogenated at 50 psi for 60 h, filtered through 

celite and evaporated. The residue was partitioned between eSyVacetate and 5% 
. 5 , .aqueous sodium carbonate and extracted three times. The organic layer was dried 
: - f (potassium carbonate), evaporated in vacuo and purified by flash chromatography, 
eluting with 3:1 ethyl acetate/hexanes, adding 0-10% methanol to provide an oil and 
recovered starting material which was subjected to the reaction conditions a second 
~ time* The two isolated products were combined and were recrystallized from ethyl 
10 , acetat^ 

:v _ ; ; H 7J4, N 11.67; found ; C 66 6? , H 7 1 6, N: 1 1 .76 "''^VX^ 

^i-,-, ;' EXAMPLE12 r "' • ^ ^7^^^ 

fSVM-l-f3-Acet^ 

*■ ^ - ■ • • ■• •••• a • r 3 • . . .: : ; ,. • i ' \ ' \ s ;k./ voo^v-o ■ ti 

; A solution of methyl (S)^t-but^^ 

methoxyphenyI)butyrate (251 mg, 0.61 mmol). in chloroform at 0°C under an arson 

iv j- j J????^S?i:.?P^ ? -P^^ n ?J?ti!3lized with^socfcum bicarbonate, cold 5% 

20 sc^um carixjnate was added and the mmu^^^ 
;1 cMorofc^ 

added and „the mixture was dried oyer potassium carbonate; the mixture was filtered 
and evaporated to approximately 5 mL. r .This mixture was refluxed for 3.5 h and 
DID ^? n ^^ c ^?4v?Mf 9? U ?^SP^^ y^P w fi?ani w^ dissolve mte 
25 v (1.0 mL) and methanol (1.0 mL). Sodium cyanoborohydride (38 mg,, 6.61 mmol) 
in methanol (1.0 mL) was added and, after 10 minutes, 0.5 mL of; absolution of 
acetic acid (0.73 mL) in tetrahydrofuran (5 mL) . The mixture was stirred for one 
hour under an argon atmosphere, neutralized with sodium bicarbonate and 
■ ^partitioned between water and methylene chloride containing 5% me? thanol, « Tlie 
30 organic extract was dried over potassium carbonate and the solvent removed i/i 
^ vacuo to provide a pale : ^ 
i( sodium cyanide were added. The mixture, was stirred for .2 hours at ,9p°C, cooled 
and was extracted twice w ethyl acetate. The organic extract was washed four 
: r . f^es with water and ^ed over potassium Purification by flash 

35 chromatography, eluting with 2.5% methanol/methylene chloride, provided a white ,. 
solid: 143 -145°C. ^ '/ 

Analysis Calc. for C24H20N3O4.I/4H2O: C 67.35, H 6,95, N 9.82; fpund : C 
67.26, H 6.92, N 9.73. [a] D 5 (0.86 7 methanol) - -32. l' . 1; ^ ' 
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■ ;n 1 ° 2 - J :v: ^ ::ir ' >,v " : "'^ KX AMPLE 1 3 " - " ' ; ■ 

S;V pyrrolidinone * r *" J "' : " 

5 ; A solution of methyl 

n : membx^h^ mg, 0.53 mmbl) in chlorpform (2J> mL) ai 0 ? C under 

: ' ' an argon atmosphere was treated with trifluoroacetic acid (0.75 mL) and stirred at 
room temperature farl:5h. The mixture -'was neutralized with sodium bicarbonate, 
cold 5% sodium cartonate was added and me mixture was extracted two times with 

10 chloroform. 2-AcetamiriV^ 

added and the inixture wai dried over potassium carbonate; the mixture was filtered 
and evaporated to approximately 5 mL. This mixture was refluxed for 4.0 h and 
then evaporated. The resulting pale orange foam was dissolved in tetrahydrofuran 
(llO niL) and memanol (10 mL) under m ~ ; ™ 

15 cyanoborohydride (100.3 mg) was kdded with methanol (0.5 ml) and, after 10 L 

' > 'minute^ acetic acid (0.6 mL) m tetrahydrofuran (5 mL). 

r> : j^erlS^ 

I^tween water arid methylene chloride containing 5% methanol. "The orgamc extract 
was dried ovct potassium carbonate* and the solvent removed in vacuo: Dimethyl 
20 sulfoxide (iim^M 

suited for 3:5hburs'at ^ 
* ethyl acetate J The organic extract was washed five 1 nines with water and dried over 

r ^ m^ Cak. 
25 Io "for C24Hffi& N-9:87;fdun^C67.68,y ^ 

■ ■ 9J8l [a]p (6:80, memanol) =^444; ' ±Mh&&i. e^v -u* v.i > I -j&msixi n ■ 

SAMPLE 14 ^ : ' v ^ 4 " '^^ . 

" ni>-r^l-iT3-Acetam 

* A solution of naemyr^^ 
memdxyphenyl)butyrate (i250 mg, 0.61 rnmbl) in chloroform at 0°C 'under an argon 
atmosphere was treated wim trifluoroacenc acid (0.75 mL) and stirred at room 
temperature for 3h.' The mixture was neutralized with sodium bicarbonate, cold 5% 
35 sodium carbonate was added and the mixture was extracted three times with >l ' 
chloroform. 2-Acetamido-pyridine-4-carboxaldehyde (102 mg, 0:61 mmol) was 
added and the mixture was dried over potassium carbonate; the mixture was filtered 
and evaporated to approximately 5 mL/ This mixture was refluxed for 3.5 h and 
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u .-, then evaporated. The resulting pale yellqw foam was dissolved in tetr^ydrofuran 
(1.0 mL) and methanol (1.0 mL). Sodium cyanpr^rpiiydiide pJ^^lrBmol) 
, inmethancd(l^^ 

acetic acid (0.73 mL) m teti^ydrofuran (5 mL); ^e ir^tiffe was stirr^for one 
5 hour under an argon atmosphere, neutralized with sodium bicarbonate and 

partitioned between water and methylene chloride containing 5% methanol. The 
: , OI ^ ani ^ ? xtract was dried over potassium carbonate and die solvent removed in 
vacuo to provide a pale green foam, Dimethyr sulfoxide (3 mL^^) and a trace of 
, , sodium cyanide were added ^ was stirred for 2 hours at 90°C, cooled 

and was$xt^^ ethyl acetate. The organic, extract ^ t 

v v ^ times wim water and dried over potassium carbonate. Purificadkm fay flash 1 
•*»\o .h^omsXogTB^ 2% methanol/methylene chlcnide, rroyid^ 

solid: 143-144°C. , .... ...... _^;~ m J . * 

^. Analysis f Calc. ^ 02^22^304.1/^20: C 67.34, H 6.95, NS^i^nd^ C 
15^ 67.27, H 6.88, N9.73. [a]? (0.92, methanol) = +31 a" ^ ^ ■™^ u ^ 

v- > ... 2-DvrroIidinone . . .» 

a ■, ,A s °to tion Qf m emyl Ql)^t-butyto^^ 

.methpxyphenyl)butyrate (215 mg.^S mniol) in^hlorofqnnxis mL)at O^C undw 
. an argon atmosphere was treated wiA trifluoroacctic acid. (0.75 mL) and; stirred at 

iis&cg^ ^ sodium carbonate was added and me mixture w^^^^ with 
25 li; cWoroform^^ _ 

added and the mixture was dried over potassium carbonate; W nature was filtered 
, . ^ and evaporat^ to approximately 5 mL. This m^ refluxed for^O h and 
■then evaporated. The resulting pale orange 

(1.0 mL).and memanol (1 mL) under an argon atmosphere. . Sodium } / ( ^ J 
30 cyanoborohydride (1003 mg ) was added "with methanol (0.5 ^ ml) and, after 10 , }C 
ininutes, 0.5 mL of a solution of acetic acid (0.6 mL) in tetrahydrofuran (5 mL). 
• ;; -A fter ^ 5 ,^ v Ae mixture was neutralized with sodium bicarbonate and partitioned 
between water and methylene chloride contair^ 5 

was dried over potassium carbonate and the solvent removed in yacup. The product 
was treated with dimethyl sulfoxide (2 in^^ tiace of sodium cy^de^ 
stirred at 85-90°C for 4h. The mixture, was dUuted with water and extracted tvdee 
t with ethyl acetate. The organic extract \yas washed five tmes ( v^m w^ 
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r 15 35 wer^t^si™ barbbnatel Purification by flash chromatography, ehiting with 2.5% 
H ' ° a white foam: ' m .p : 75-77 C ' " ' 

- Angl^ '^c: t2*H2^64li/8H2d: C G7^0M 63X ^ 9^^h^ C 

^ 67& * "' 1 " ^* 

- ' - " ' EXAMPLE lfr " 
; YR)^-(2^cett^^ 

r : :i... ■ *v- pvrrolidinbne " v . 

Absolution of ^ 
10 ms^^ 

argon atmosphere was treated with trifluoroacetic acid (0.75 mL) and stirred at room 
temperature for 2l5hJ Tfi^rmxrar^ w^ 

and the mixture was extracted three times with chlorofoniL Z-Acetainido^S- 
tMenylcarboxMdeiyde (119 mg,0.70 mmol) Wid a small amount of ethyl acetate 
15 were added and the mixture was dried over potassium carbonate; the mixture was 
filtered and evaporated. Chloroform was added and this mixture was refhixed for 4 
h, stirred at room temperature overnight and then evaporated. The resulting pale 
-I} , <; yellow fofe was mssoived in tetrahydrbfur^ (1:0 mL) and methanol (1 -0 mL). 

Sodium cyanoborohydride (134 mg ; 2.1 and acetic acid (0.08 mL) were 
20 a add under an argon atmb^here, neutralize}! 

* £ ; - ■ ;>ri with sodium bicarbonate water arid methylene chloride 

: containing 5% metharibL The brganic exti^ts were dried 

rm sodJim'cy^ 90 9 C,'cboled 

25 "and^ex^ 

times witii'water, men 'with brine and dried over potassium carbonate. Purification 
by successive 'flash ehron^ogi^hy with 2% memanol/methylerie' chloride provided 
a foam. Analysis CM f<^ H2O: C 63:14, H 6:68, N '6:40; 

found : C 63.22; H 637^ S:^ 

30 ' h - ' ' "■■ ' Vi l - X;) '-^■" rrr ^ r ' ' - ; ' ; ' : ' : '\'' iiJL \ ;; ' rV; r' 

. • ■ ^ - ' ■ — ' EXAIvffLE : 17 ^^^ ^ 5 " ""^^ 

- : rSVl-r2^ce^^db-5-mie^ 

' • ' : pvrrolidinone ' 

A solution of methyl (S)^t-butyloxycarb6ny 

35 methoxyphenyl)butyrate (285 'mg;O;76mmo0 

argon atmosphere was tinted with trifluoroacetic arid (0175 mL) and stirred at room 
temperature for 3h. The mixture was neutralized with aqueous sodium bicarbonate 
and the mixture was extracted three times with chloroform. 2-Acetamido-5- 
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thicnylcarboxaldehyde (1 18 mg, 0.70 mmol) and a small amount of ethyl acetate 
jfKwsKi were added and the mixture was dried over potosium carbonate;; the mixture was 
. filtered and evaporated. Chloroform was added and.this mixture was refluxed for 4 
h, stirred at room temperature overnight and.men evaporated. The resulting pale 
5 yellow foam was dissolved in tetrahydrofuran (1.0 mL) and methanol (1.0 mL). 

added, the mixture was stirred for two hours under an argon atmpsphere, neutralized 
with sodium bicarbonate and partitioned between water and methylene chloride 
containing 5% methanol. The organic extracts were dried over potassium carbonate 
10 and the solvent removed in vacuo. . Dimemyl sulfoxide (3 mL ).and a trace of 
sodium cyanide were added The mixture was stirred for 2 hours at 90°C, cooled 
and was extracted twice with ethyl acetate. The organic extract was washed four 
times with water, then with brine and dried over potassium carbonate. Purification 
by successive flash chromatography with 1.75 to 2.5% metharioVmethylene chloride 
15 provided a foam. Analysis Calc. for C23H28N2O4S-0.3 H2O: C 63.66, H 6.64, N 

6.46; found: C 63.66, H 6.58, N 6.36. [a]NS(25,D) (1.18, methanol) = -33.98. 
■' ... - ^sM£jm,m!h£3s?i: 01 

■■ ; ^ : • example 1 • 

rit . /K3-cvc1openryl0xv^^^^ 

' ~' ; A Mlutidn of 4^(^cyciopemtyi'oxy^ ( 0 .3 g, 

l.(»mmol) ahdl5^own-5 (0.2 mL) in'dry olmemylformamide (3:5 mL) under an 
argon atmosphere at room temperature was heated wi A 'sodi^ (0.055 g' of 

60% dispersion, i;36 mirol) for 24h and then 2-c^oroethyi mempsulfide (0.145 
,„h (A -IfS waVadded dr^se? 1 After^ hydride 
'2T ltJ (0.55 g of 60% dispersion, 1.36 m^ mixture was 

cooled and additional 2-cliioircthyl methyl sum^ mU 1.46 mmol) was 

added dropwise; after 6d at room temperatinSe, mese ' ^ After 
24h, water was added and the mixture was extracted with ethyl acetate The extract 
was washed five times wiui water, was dried (sodium sulfab) and me solveht was 
, 3 ° . rcmOVOd in * acuo - The residue was washed with hexanes and was purified by flash 
' ; • chromatography, eluting with 2-3: 1 ethyl acetate/hexan^s; to provide ah 
yy " Calc. for C 19 H27N03S.l/4 H 2 0: C 64.47,117.83, N 3.94; foiindr C 64.40. H 7.81, 
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- - ^ ■ — • ■'- ■ ■ ■ EXAMPLE 19 ; :>■■- y:-ob^cv^^b ■• ; 

' : Fonniiktibns for pharmaceutical use incc^ of the present 

invention can be pr^af 
Jof sucft-fbrmu^ ^ ^ term? 

5 Inhalant Formulation ^ - • > -a.-v- * • - - [ >:v. • .S <;uv.' : : -c4 f ,:- v t 

- A compound of formula I, (1 ^igto 100 mg) is aerosolized ftoni a metered 
dose inhaler to deliver the desired amount of drug per use. ^ .1 

Tablets/InpedientK • > - ^ Jv^-r^i Per?ablet ^ 

1. Active ingredient (Cpd of Form. I) : ^ is^i w-40irig ^ oi 

2. Corn Starch • * ••" " ' aa;U; srr- \;-: 20 mg ^ 

■ ■ 3. Alginic acid ^ • / 20mg 

4. Sodium alginate ,■-;;;;.<? .i^^;20mg^Hri 

.. S.Mgstearate v - ? r . . ... . ; ., : , ^ 0 ^ : .. ; - , ;; ; 1.3mg ^ ... 



10 Procedure for tablets: 

Step 1 Blend ingredients No. 1, No. 2, No. 3 and No.4 in a suitable 

\jmixe^^ ... :i . u, n ^... : ^^.'^. 

careful mixing after each addition. Such additions of .water and mixing until 
,15 the mass is of a .conastenc^ to penrnt iteronyerion to wet granules, v 

^ oscillating granulator using a No. 8 mesh (2.38 mm) screen? X ' J 

Step 4 The wet granules are then dried in an oven at 140°F (60°C) until dry. 
Step 5 The dry granules are lubricated with ingredient No. 5. , 
20 Step. 6 The lubricated granules are compressed on a siut^le tablet ,^ress. 

Parenteral Formulation : _ _ , . ^ ^ . A ; 

A pharmaceutical composition for parenteral administration is prepared by r 
dissolving an appropriate amount of a compound of formula I in polyethylene glycol 
25 with heating. This solution is then diluted with crater for ^ 100 
ml). The solution is then steriled by filtration through a 0 22 micron membrane 
filter and sealed in sterile containers. 
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CLAIMS: r 

I . A compound of the formula: 



PCT/US92/08611 



wherein; 




: 3 R 3 ' 



(D 



..; ,. r ' ' . R l « Cl-12 alkyl unsubstituted or substituted by 1 or more halogens'; C 3 6 
' ^kialkyl ui^^ by 1 to 3 methyl groups oran'etoyi^up; 

C4_ 6 cycloalkenyl containing one or two unsaturated bonds; C71 f polycycloalkyl 
10 -(^14Rl4)n i C(6)O-(CR H R 1 4) m -R 10) .(CR 14 R 14 )^ . ' 

.:*U>^ f^4Ri4)n^Q)NRl4)- 
(CRi 4 Rl4^Rib-(CR 14 ^ 

XfisOorS; <^ K W^ JW*** ^es^Js^sm. 

jv >yyrtv f r\ :\ • i i ; -;v?'v , v;?.., . ,: t , ..... > ...... .• .... u , . ... , .... r .- 

^ YisOorS(0)m; i? 3 ** *t«ia «o» g^rosi 

?no ■»« ^ may ^Substituted or substimted by 1 to 5 

. 20 fluorines;* 4 " v "* fti "^ li,: Vii '"^7i«{Mrar«? J^nM^vstons^lfe 

. R 3 is independendy hydrogen, halogen, CN, C^alkyl, halotsublrituled c£ 

" '^2^5Rl6.-C(0)bR 5 ;-C(0)>m 5 Ri 6 ,iCT^ ' 
K^MH}^^- hlio ^ Cl-talkjl, halo-substituted C H a^<plopropyI 

Ak(2±, 3jvori^ 
imidazolyl), (2- of 3-thienyi)f (2- 'v^i^l^Wm^&fU^^ 
may be un^bstituted pr substituted by one or more: Br, F, Q, NR^R^g, NRgRjg 
30 N ^1^ R 7^-S(0) m R 12 , CN. OR 5> -OC(O)NR 5 Ri 0 , d" or i-(R 5 }-*iirtolyi), 
2-imida'zolyl, -C(NR 16 jNR 5 R 16 , -C(NR 5 )SRi 2 , -OC(0)R5, -^NO^R^, a 
-C(S)NR 5 R 16 , -NR 16 C(0)R 15 , oxazolyl, trriazoiyl^Syl^m^iylor 
tetrazolyl; or when R 5 and R, 6 are as NR 5 R 1 ^ they may together ^ith the nitrogen 
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form a 5 to 7 membered ring optionally containing at least one additional heteroatom 
selected from O, NorS; orAis SRf^ 

R5 is independently hydrogen or Ci^alkyl, unsubstituted or substituted by 
one to three fluorines; v? ^ 

5 . ReisRs, r C(0)R 5 , -C(0)C(0)R 7 , -C(0)NR 5 R 16 , -S(G) m R 12 , 

-C(NCN)S(Ri2) t -C(NCN)NR 5 Ri6, "C(NCN)Ri 2 /-C(NRi6)Rl2 <* 
-C(NRi6)SRi2; ' 1 

R 7 is OR5, -NR5R16 or Rl2C(NRl6)SRl2; 

Rg is hydrogen, C(0)R7, (2-, 4- or 5-imidazolyl), (3-, 4- or 5-pyrazolyl),X4- 
10 or 5-toazolyl-[l,2,3]), (3- or 5-triazolyl[l ,2,4]), (5-tetrazolyl), (2-, 4- pr^5 : oxazoiyl), 
(3-, 4- or 5-isoxazolyl), (3- or 5-oxadiazolyl[l,2,4]), p-oxadia^lylt 1,3,4]), (2- 
r " thiadiazolyl[l,3,4]), (2-,4-, or 5-ttuazolyl), (2-, 4^ or5- 
thi^ 

" systems may be optionally substituted by one or more Rx4 groups; , r ; j -y^ r } ; 

7 ' RlO is hydrogen, methyl, J tiydroxyl, ^1, h^asubsfitu 
^alk^ 
frnmyl, pyimyl, ttiienyi, thiop 

tetrahydrafuranyl, 3-tetrahydrothienyl, (3- or ^tetrahydrppjrranyl), C3.6 cycloalk^l 
20 or a C4_6cycloaIkyl containing one or two unsaturatefi bonds, wherein.the cycloalkyl 
and heterocyclic moieties may be unsubstituted or substituted by, 1 to 3 methyl 
groups or one ethyl group; .Wr^ > ^ v 

Rjl is 2-tetrahydit)pyranyl or 2-tetrah^^ 
; or^-tet^^ 

25, ethylgroup;^ , ^ y , ... xt: ^-,^ ....^^ W^nsbr^nU^^l " 
&12 I s Cl-4alfcyl unsubstituted or substimt^ by one. to to 
'" "' ' is independently hydrogen or a .Ci^aliyl unsubstituted or substituted by 

fluorine; .-, , • ., • f ,,.,. f £ ; 

R 15 is oxazoUdinyl, opcazolyl', iMazolyi, pj^^ 
30 imidazolyl, in^d^Hdinyl, thiazoiidinyl, isoxazolyl, qxadiazolyl, ttya^azolyl, 

morpholinyl, piperidinyl, piperazinyl, or pynolyU and each of e the* heterocyclics may 
be unsubstituted or substituted by one or two Ci_2 alkyl g^B?; r , : - 

. R 16 isOR5 orR5; : , ^ :vH(;; ^. ^ 

zisaMii^^ 0 r 

35 ^C(0)^^ ^ 
m is an integer from 0 to 2; .._ v , ; . . 

n is an integer from 1 to4; ^ h . ; , „ c , ,^ . ^ ... T? 

q is an integer from 0 to 1; 



36 



, ris an mtegcrfrom 1 to2^^^^^ , . 

s is an integer from 2 to 4; ' _ , / 

. a x is an interger from 2 to 6; ; , l! 

y is an integer from 1 to 6; 
5 , _ z is an integer from 0 tp c 6; , ^ . ( '. ' , ^ 

or a pharmaceuticaUy acceptable salt thereof: / 

( CR 14Rl4)mRlO,-(CRi 4 Rl4)n(C(b)^ 
C(Ri4^4) s ^ 

10 OH in -(CRi4Ri4) 2 R 10 , and farther provided that^m is l t br L 2 when A is SRi % , 

optionally substituted 2, 3 or 4-pyridyl, 4-nK>rpl^ or 4- 

thiazolyl; X is yR2; Y is O;^! is;^-^ppr^ 
cycloalkyl, phenyl, tetrahydrof uf-3-yl, cyclopentenyl, ^ 
15 substimte^ by ; pne^ 

-(CH2)2-40H; R2 is a C^alkyl optionally ^b^jtattri^ane pr more ? fluorines; 

° ne R ^ ^ p!^^3^y?3^^S. r C^^9, CN, C(Z)H, CH 2 OH, 
CH 2 F, CF2H, or <5F 3 ; Z is O or NOR5; R 3 » is hy^gen; ^d X 3 is hydrogen. 

20 more fluorines, CH2-cyciopropyl, 

other R3 is hydrogen, CsCH or CN and is in the 4~posiaon. 7 IZZZ-Z 
5. A compound of claim 1 selected from the group consisting of: 
l-(2-pyridylmethy^ 
30 pyrrolidinone; 

l-(3-pyridylmethyl>4-(3-cyclopentyloxy^methoxyphenyl)-2- 
pyrrolidinone; 

l-(4-pyridylmethyl)^(3-cyclopentyloxy-4-methoxyphenyl)-2- 
pyrrolidinone; 

35 l-P^4-moipholinyl)ethy]}^(3^ 
pyrrolidinone; 

l-(2-iinidazolyme%l)^(3-cyclopentyldxy^methoxyphen 
pyrrolidinone; 
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(S)-0-l-(3-acetamido^yridyIm 
methoxyphenyI)-2-pynoHdinone; ^ °" " ' J * OT * ^B y ^ r m a " < ; 

(S)-(-)-l-(4-acetanndo-3-pyridylm^^ 
methoxyphenyl)-2-pyriolidinone; ,: ° °* 1 ; d<s &r X 

5 (RM+)-M3-acetamido^pyridyhn^^^ ^ 

methoxyphenyI)-2-pynolidinon^ - — v^- : ' v->.^-^, : < - 

(R)-(+)-l-(iacet^do-3-p 
methoxyphcnyl)-2-pyxrolidii30De; 1; u " i-; S: " : '>" ,0^m^l : ^M-^^ 
' r 1 " (S)-G^l«(£%ce^^ 

10- l meth^ " ov:i ,r ^ ^ -^U^-M- H m mi 01 

mettibx^hehyI)-2^ '• ^ " ;j A r ^-^^ 

^ metboi^heny]}^^ -t^Nl-i EH £^ w*w^t«-0- 

pynolidinone. " : ' : • - * ■ - ' • — — fJ " •*-' * 

6. * Apharmare^ 

'.' 8. " A: method for the mhibition of ffie ^rbdu^on of tumor nefrbsis factor 
(TNF) in a'manirhal in need tKerrof; includ&g htiii^ - ^ 

administenri^^ 

25 r *v f 9. A method of treatment of allergic atnd inflaau^ic^ d^ 

comprise administering to a subject in need thereof; iah eff^tive'iamoant a 
componnd of claim 1; >K ; " E^. 
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